This paper is based upon an analysis of data from a prospective epidemiological study in which a large number of men and women were traced for six years after they answered a detailed questionnaire. The subjects were divided into seven groups according to the longevity of their parents and grandparents. Death rates from coronary heart disease, hypertensive heart disease, and stroke were found to be considerably higher among subjects with short-lived parents than among subjects with long-lived parents. This was found to be the case for coronary heart disease among men without a history of high blood pressure or diabetes, who were not seriously overweight, who took some exersise, and who never smoked cigarettes regularly.
are highly influenced by inheritance (as defined above), then Americans with shortlived parents should, as a group, have higher death rates from cardiovascular disease than Americans with long-lived parents. This follows from the fact that from as far back as mortality data are available, cardiovascular diseases have accounted for a considerable proportion of deaths among adult Americans. To illustrate this, we have made estimates of the proportion of deaths occurring up to age 80 which were caused by cardiovascular disease among two groups of white males living in the United States (table 1). The estimates are only rough approximations since, in early years, cause of death as reported on a death certificate is open to question. Furthermore, the figures may underestimate the contribution of cardiovascular disease to deaths prior to about 1930 when many deaths (particularly in epidemic years) were attributed to influenza and pneumonia. There is reason to suspect that influenza and pneumonia are more likely to prove fatal among HAMMOND3 ET AL. The number of cardiovascular deaths in each decade was estimated so as to be as consistent as possible with the classification under the Seventh Revision of the International List of Diseases and Causes of Death. This was done by applying to the number of cardiovascular deaths recorded under the various revisions of the International List the available comparability ratios for revision to revision published by the National Center for Health Statistics. patients with than among patients without cardiovascular disease. 2 It is apparent that cardiovascular disease caused or contributed to the death of a large proportion of the fathers and grandfathers of present-day Americans. It also accounted for the death of a considerable proportion of their mothers and grandmothers. Therefore, longevity of parents may be used as a rough index of fatal cardiovascular disease among them.
Those who die of cardiovascular disease must be possessed of some set of factors involved in the etiology of cardiovascular diseases, and it seems logical that those who die of cardiovascular disease under the age of 80 have such factors to a greater degree than do those who live to over 80. As a tentative hypothesis, let us suppose that such factors are transmittable from parents to their offspring, and that for this reason there is a very high degree of relationship between the death rates of parents and their offspring from cardiovascular disease. If so, there would also be a relationship-but a smaller one-between the longevity of parents and the death rates of their offspring from cardiovascular disease. (The relationship would be smaller because longevity is an imperfect index of the death rates of the parents from cardiovascular disease. )
For the reasons discussed above, we studied the longevity of the parents and grandparents of a large number of men and women in relation to the death rates of these men and women from coronary heart disease (CHD), stroke, hypertensive heart disease, and other cardiovascular diseases. We concentrated our attention on CHD because this is by far the leading cause of death in the United States. We carried out more detailed analysis of the data for men than for women because more of the male subjects than female subjects died of CHD, and large numbers permit more detailed cross tabulation than smaller numbers.
Circulation, Volume XLIII, January 1971 We found CHD death rates to be higher among subjects with short-lived parents than among subjects with long-lived parents. We then sought to determine whether this difference could be explained either partially or entirely by an association between the longevity of parents and the occurrence among the subjects of certain other factors known to be associated with elevated death rates from CHD. Material Table 2 shows the number of subjects and the number of CHD deaths in each Longevity Class by five-year age groups and sex. Table 3 shows the percentage distribution of the subjects by Longevity Class, omitting those in the unknown category, Class X. A considerable proportion of subjects between the ages of 40 and 49 were born when their parents were relatively young-too young to reach the age of 70 by 1959. Such subjects were assigned to Longevity Class X unless both of their parents had died.
The subjects were classified by five-year age groups according to their ages in 1959. Hereafter, when we speak of "age group 40-44" we will mean subjects who were of that age in 1959. The number of deaths from each cause and the person-years of exposure to risk from the start of this study through September 30, 1965 was ascertained for each five-year age group. Death rates for each five-year age group were computed by division of the number of deaths by the number of person-years. In some instances, we will show death rates by ten-year age groups. Such rates are based upon the two component five-year age group rates weighted according to the age distribution of all of the subjects in the study. table 5 death rates from stroke and hypertensive heart disease are shown for ten-year age groups rather than for five-year age groups.
Death rates from both stroke and hypertensive heart disease were considerably higher among men and women in Longevity Classes 6 and 7 than among those in Longevity Classes 1 and 2. However, the pattern of increase in death rates from Class 1 to Class 7 is not as consistent as previously shown for CHD. This may be partly because of statistical sampling variation resulting from smaller numbers. Nevertheless, the relationships between longevity of parents and grandparents and death rates from these two diseases appear to be of about the same order of magnitude as the relationships shown in table 4 for CHD.
Altogether, 2,614 of the men and 1,759 of the women died of various cardiovascular diseases other than those already mentioned. As shown in table 5, there was some association between Longevity Class and death rates from this set of diseases; but the association was neither as great nor as consistent as the association between Longevity Class and CHD death rates.
Violence, accidents, or suicide accounted for the death of 1,527 men and 875 women; we The first questionnaire contained a list of diseases, and the subject was requested to "make a check mark after the name of each of the following diseases you have ever had." The list included diabetes, heart disease, stroke, and high blood pressure. Presumably, most of the subjects who said that they had one of these diseases were so informed by their doctors, but we lack information on the basis of diagnosis. Each subject was asked: "How much exercise do you get (work or play)?" They checked none, slight, moderate, or heavy. The subject was also asked: "How many hours do you usually sleep per night?" Each subject was asked to record his age, present weight (with indoor clothing), and height (without shoes). We calculated the mean weight of subjects of each sex in each five-year age group for each inch of height category. The "relative weight" for each subject was computed by division of his weight by the mean weight of all other subjects of the tRelative weight is the weight of each subject divided by the mean weight of all the subjects of the same sex, age, and height. The result is then multiplied by 100. same sex, age, and height. The resulting ratio was multiplied by 100. January 1971 does not necessarily imply that genetic inheritance is involved.
Hypertension
Since hypertension is a major CHD risk factor, we were interested in the interaction between hypertension and Longevity Class in relation to CHD death rates. Table 8 shows CHD death rates by Longevity Class among men with and without a history of high blood pressure. Some of the rates (particularly those for men with high blood pressure) are based upon relatively small numbers and are rather unstable statistically.
Among subjects in the same Longevity Class, age-specific CHD death rates are far higher among men with high blood pressure than among men without high blood pressure. Both among subjects with high blood pressure and subjects without high blood pressure, agespecific CHD death rates increase with Longevity Class.
Control for Other Variables
The association between Longevity Class and each of several other CHD risk factors could contribute to the association between CHD death rates and Longevity Class. MWe were, therefore, interested in ascertaining the relationship between CHD death rates and Longevity Class among men who did not have any of the other CHD risk factors identifiable in our data-that is, among men without a history of high blood pressure or diabetes, whose relative weight was less than 120, who took exercise (i.e., who did not say that they take "no exercise"), who did not sleep 10 hr or more per night, and who never smoked regularly. Because of small numbers in some parts of the complete table, death rates are shown for ten-year age groups (age-standardized as described in the introduction to this paper), and Longevity Classes have been combined into just three groups: 1 and 2; 3, 4, and 5; and 6 and 7 (table 9).
The CHD death rate was lowest for men in Longevity Classes 1 and 2. Except in the oldest age group, CHD death rates were lower for men in Longevity Classes 3 to 5 than for men in Longevity Classes 6 and 7. As shown in table 7, the percentage of men who reported a history of heart disease at the time they enrolled in this study increased with Longevity Class. In Longevity Class 7 it was 8.98%, while in Longevity Class 1 it was 5.6%, a ratio of 1.58. Since CHD is by far the most common type of heart disease in the United States today, these figures almost certainly indicate that the prevalence of CHD increases with Longevity Class.
Obviously a person can have only one first attack of heart disease, so only people without a prior history of the disease are at risk of having a first attack. Therefore, in computing incidence rates, we excluded men who indicated that they had or had had heart disease at the time they enrolled in the study. All those who either reported heart disease on one of the three repeat questionnaires or who died with mention of CHD on their death certificates were assumed to have had their first recognized attack at some time after they enrolled in the study. In calculating personyears of exposure to risk, an adjustment was made for the length of exposure of those who reported heart disease on a repeat questionnaire.
Part A of table 10 shows the incidence rates of CHD by Longevity Class calculated as outlined above. The rates are probably somewhat inflated because cases reported on repeat questionnaires as "heart disease" were not exclusively cases of CHD. The incidence rate of CHD (as qualified above) increases markedly with Longevity Class in younger age groups, less in old age groups.
Part B of table 10 shows the CHD death rates of men who said that they had or had had heart disease at the time they enrolled in the study. (Presumably some of them had a history of heart disease other than CHD.) The death rates of these men may be called the CHD "case-fatality rate" although it does not meet the usual definition of this term. For men between the ages of 40 and 69, the CHD casefatality rates were higher in Longevity Classes 6 and 7 than in Longevity Classes 1 and 2.
Part C of table 10 shows CHD death rates of men without a prior history of heart Circulation, Volume XLIII, January 1971 disease. It is confined to men who did not record having heart disease on the first, second, or third questionnaires. Presumably, some of these men had a first attack in the two-year interval between the first and second questionnaires or the two-year interval between the second and third questionnaires. The rates increase with longevity class.
It is conceivable that the combination of factors leading to sudden death from CHD (or death within a very short time after the first known attack of CHD) may be different from the combination of factors leading to death from CHD after a longer history of the disease.
In filling out the death certificate of a person who has died of CHD, the doctor is supposed to state the duration of the disease prior to death, but this is often omitted or inaccurate because of lack of information on the history of the case. According to death certificates, 3,527 of the men in this study died of CHD suddenly or within less than one day of the apparent onset of the disease. However, information from the first, second, or third questionnaires revealed that 1,081 of these men had a prior history of heart disease. We will assume that in the remaining 2,446 cases, death actually occurred within less than one day after the first recognized appearance of CHD. In computing person-years of exposure to risk of such deaths, we excluded men who reported heart disease at the time they enrolled in the study and made a suitable adjustment for those who reported heart disease in answering the second or third repeat questionnaire. Discussion A major difficulty with a prospective study of this sort is that the actual longevity of a person's progenitors cannot be ascertained until all of them have died. The investigator has to choose between several approaches, none of which is altogether desirable. For example, he may choose to limit his study to subjects whose parents were born over 100 years ago. Such a study would be limited to subjects who are old at the time of enrollment. As another example, he may choose to accept incomplete information on longevity of the parents of some of the subjects-those whose parents are still living at the time of enrollment. This permits the inclusion of middle-aged subjects.
Faced with this practical problem, we decided on the following specifications. A Circulation, Volume XLIII, January 1971 parent was classified as long-lived if he survived to 80 regardless of how long he lived thereafter; a parent was also classified as longlived if he was living and between the ages of 70 and 79 at the time the subject answered the first questionnaire. Thus long-lived parents were a mixture of some who survived to over 80 and some who reached the age of 70 but (unknown to us) died after 1959 without reaching the age of 80. Thus, some subjects were put in Longevity Class 1 who would have been put in Longevity Class 3 had all the facts been known. A parent was classified as short-lived if he died before the age of 70; his longevity was considered as unknown if he was alive but under the age of 70 at the time the subject answered the first questionnaire.
From the above it is seen that some of the subjects were imprecisely classified and some were not classified. However, none was seriously misclassified on account of our rules of classification, e.g., none was put in Class 1 who should have been in Class 5, 6, or 7. Undoubtedly, some subjects provided inaccurate information on the ages of their parents and grandparents and were thus misclassified.
Various authors have employed different methods for classifying people according to the longevity of members of their families. We do not know which method is best, and we were somewhat limited by the data available. We tried several different methods, all of which yielded about the same results as those presented in this paper.
Death rates from CHD, stroke, and hypertensive heart disease were found to be higher for subjects with short-lived parents than for subjects with long-lived parents. The relative difference in death rates (as indicated by mortality ratios) was considerable for subjects under the age of 70. This is consistent with what might be expected under the hypothesis discussed at the beginning of this paper.
We interpret the findings as indicating that death rates from the major cardiovascular diseases are influenced by some factor or set of factors which are transmittable from parents to their offspring, that is, the level of age-specific death rates from coronary heart disease, stroke, and hypertensive heart disease is partially dependent upon inheritance in the traditional sense of that term.
The longevity of parents is an imperfect index of their death rates from cardiovascular disease. For this reason we suspect that the true degree of association between the cardiovascular death rates of parents and their offspring is far greater than the observed association between the longevity of parents and the cardiovascular death rates of their offspring as shown in tables 4 and 5.
The relationship between the death rates of male subjects from CHD and the longevity of their parents and grandparents was studied for men with and men without certain other CHD risk factors: hypertension, diabetes, obesity, lack of exercise, cigarette smoking, and excessively long hours of sleep. In the absence of these risk factors, CHD death rates were higher for men with short-lived parents than for men with long-lived parents and grandparents. Since this investigation was based upon questionnaires, we were unable to take certain other CHD risk factors into consideration, e.g., glucose tolerance and serum lipid. Conceivably, family history has an influence on one of these factors and thereby on CHD death rates. If so, this would help to explain the mechanism involved.
The term inheritance as used here covers more than the passing on of genetic factors from one generation to the next. Any factor passed on from parents to their offspring may be said to be inherited; these include environmental exposure, customs, and habits in so far as they are transmittable from one generation to the next. We suspect that the associations discussed above resulted from the genetic transmittal of some factor or set of factors from parents to their offspring. However, we cannot rule out the possibility that nongenetic transmittal of some factor or set of factors might have accounted for the findings.
